223
Rabbit renal autografts have been used for viability assay of organs after different methods of preservation have been employed (Green, 1973; Green & dissect 1973) . However, whilst this model may be valid in attempting to Pegg, and evaluate variables in a highly complex situation, any method which is finally going to be used in clinical practice should be assayed in kidneys which have been subjected to warm ischaemia and then transplanted into an allogeneic host. A series of studies were therefore planned, aimed at producing an experimental renal allograft model in rabbits with consistent survival beyond 2 weeks.
Few authors have reported observations on rejection processes in renal allografts in this species (Heron, 1971; Hobbs & Cliff, 1973) , and there is even less information on attempts to modify rejection (Dunn & Randall, 1974) .
In contrast, protection of rabbit skin allografts was demonstrated using systemic treatment with crystalline cortisone acetate (Billingham, Krohn & Medawar, 195Ia) , locally applied cortisone acetate (Billingham, Krohn & Medawar, 1951b) , systemic prednisone (Woodruff & L1aurado, 1956) , methylprednisolone (Friedman, 1970) , and cyclophosphamide (Jones, Brody, O'Neil & Haines, 1953) . Azathioprine has been used in rabbits for protection of corneal (Liebowitz & Elliott, 1966) and bone allografts (Goldberg & Lance, 1972 ), but apparently not in kidney grafts. However, in the reports cited grafts were only partially protected, and destruction was delayed but not prevented.
For a suitable organ preservation model it was clearly necessary to find an immunosuppressive regime which would protect grafts throughout a period of drug administration.
A series of possibilities was explored, initially on skin and then, where successful, on renal allografts. Apart from conventional therapy with prednisolone acetate, azathioprine, cyclophosphamide and antilymphocytic serum, either alone or in combination, specific donor pretreatment was tried using complete ovaries transplanted as a convenient source of antigen in an attempt to establish whether a 2nd set reaction would then take place when skin was grafted, or whether, optimistically, a tolerant state might be engendered.
MATERIALS AND METHODS
Adult hybrid rabbits of either sex weighing 2,5-3·5 kg were used throughout the experiments involving skin or renal allografts. They were maintained on an unlimited intake of water and of a pelleted commercial ration, supplemented with occasional fresh greens.
OPERA TIVE TECHNIQUES

Skin grafts
A pair of rabbits were used as mutual donor-recipients. The right ears were used for allografts and, at the same time, exchange autografts were done between left and right ears as controls to each allograft. Rabbits were sedated with a mixture of fentanyl and fluanisone ('Hypnorm'; Crown Chemical Co. Ltd, Lamberhurst, TN3 8DJ) at a rate of 0·5 mljkg bodyweight given by intramuscular injection. The dorsum of both ears of each animal was carefully shaved and prepared. Asceptic precautions were taken throughout. A clear area of skin between central and marginal veins was chosen for grafting.
A stamp was used to delineate the borders of the square grafts, 15 x 15 mm, to ensure that exactly similar pieces of skin were exchanged. The skin was raised from the subcutaneous tissues and vascular bed by injecting 1-2 ml of sterile normal saline solution prior to incising around the borders. Full thickness grafts could then easily be lifted off without bleeding. When grafted into the bed of its exchange companion, it was found worthwhile anchoring the square of skin by single sutures of 5,0 braided silk at each corner. The grafts were covered with sterile gauze and the whole ear then encased in strips of adhesive plaster which, in most cases, protected the grafts from self-inflicted injury by the rabbit.
The grafts were left undisturbed for 4 days and were then examined daily until rejection changes occurred. The end point of rejection was taken as the day when the damp and discoloured epidermis could be easily 'floated' away to reveal the haemorrhagic corium below. except that the left kidney was removed from the donor rabbit and grafted orthotopically by end-to-end anastamosis onto the recipient left renal vessels. The kidney was washed out with 20 ml cold (4°C) fluid formulated to resemble rabbit plasma, containing 1'5% bovine serum albumin and 4'5% dextran of mean molecular weight 70 ('Dextran 70'; Pharmacia (GB) Ltd, 75 Uxbridge Road, London, W5 5SS) as colloids in a balanced electrolyte solution.
Rapid core cooling of the organ was thus achieved.
An immediate contralateral nephrectomy was performed.
A cuff-ligature anastamosis was used instead of conventional suturing methods thus reducing the warm ischaemic time from 50 to about 20 minutes.
The ureter was anastamosed end-to-end over a polyethylene stent using a double layer of g·o virgin silk sutures. .
Both donor and recipients were premedicated with 0·5 ml/kg bodyweight of the fentanyl and fluanisone mixture followed by open mask administration of 50:50 oxygen and nitrous oxide supplemented with halothane to effect.· The recipient was hydrated during the operation with 60 ml of dextrose-saline, and body temperature was held steady by keeping the animal on a heated surface at 37°C throughout the surgical procedure.
]n pilot trials it was found that the daily administration of high doses of prednisolone acetate delayed healing of a leparotomy incision, with a consequent high risk of post-operative ventral rupture through the muscle sutures. The muscle layer was therefore closed using 2·0 braided silk with closely spaced interrupted sutures, whilst the skin was everted and co-apted with an interrupted horizontal mattress suture pattern.
Renal function of allografts was assessed on blood urea (mg/IOO m!) and serum creatinine (mg/lOO m!) at 2-day intervals.
The end point was taken as the death of the animal rather than any attempt to decide when rejection episodes had partially or completely destroyed kidney tissue.
Ovarian grafts
Adult female outbred rabbits were paired and subjected to exchange ovary allografts.
Anaesthesia was induced with the fentanyl-fluanisone combination at a rate of 0,5 ml/kg bodyweight and maintained with 50:50 nitrous oxide :oxygen at 2 litres/min flow rate. Halothane was administered when required.
Following a midline laparotomy, an ovary was excised from each animal and transplanted to a site under the kidney capsule of recipients. This technique is commonly used in hamsters and mice, where ovaries appear to function and survive long-term even though transplanted without a vascular pedicle. The capsule was sutured over the graft with 6,0 braided silk. The midline incision was then closed with 2 lines of braided 2·0 silk.
Skin grafts
Experiment (i): 10 rabbits were subjected to crossover allografts and con-trol autografts as described. Treatment consisted of intramuscular injection of 1·0 mg/kg bodyweight of prednisolone acetate ('Deltastab' -20 mg/ml; Boots Co. Ltd, Nottingham, NG2 3AA), starting on the day of operation (day 0) and then daily for 21 days.
Experiment (ii): 10 rabbits, receiving skin auto-and allografts, were treated daily with prednisolone acetate at 0,5 mg/kg bodyweight, starting on day 0 and continuing until rejection occurred.
Experiment (iii): 10 rabbits with similar grafts were injected with 15 ml of antilymphocytic serum (ALS) by the subcutaneous route on day 2 and day 5. The serum was raised in pigs against rabbit thymocytes (by the method of Binns, Simpson, Nehlsen & Ruszkiewicz, 1972) .
Experiment (iv): 10 rabbits with skin grafts were treated with the same ALS but given in 5 ml aliquots by subcutaneous injection, starting on day 0 and then daily for 7 days.
Experiment (v): 10 rabbits with skin allografts were treated with the same ALS but given 20 ml on days 2 and 5 and treated with 1·0 mg/kg of prednisolone concurrently.
Experiment ( Experiment (viii) : 10 rabbits were subjected to exchange allografts and autografts and formed the control group.
Renal allografts
Experiment (i): 10 allografts, with immediate contralateral nephrectomy, were performed and daily treatment with prednisolone acetate at 0,5 mg/kg was started on day O. Experiment (ii): 10 allografts, with immediate contralateral nephrectomy, were performed but the dosage was increased to 1·0 mg/kg starting on day O. Experiment (iii): 10 control rabbits, subject to no drug therapy whatsoever, and with an immediate contralateral nephrectomy, received kidney allografts.
Ovarian grafts followed by skin grafts after a 21-day interval 6 female rabbits had exchange grafts of whole ovaries as described.
No attempt was made to protect these grafts with immunosuppressants. Skin grafts between pairs were performed after 21 days. (Table 1) Experiment (i): 9 of 10 skin grafts survived beyond 21 days whilst daily treatment with prednisolone acetate at 1·0 mg/kg was maintained.
RESULTS
Skin grafts
The 1 failure rejected on day 15. The remainder rejected on average 8 days (±2 days) after the withdrawal of steroid therapy. Autografts survived indefinitely except for 1 which was damaged by the animal.
Although appetite was unaffected, both water intake and urine output were increased by 2 to 3 times that of the control group (resident in the same environment). Weight Comments 9/10 grafts survived throughout period of therapy but rabbits lost weight; rejected 8± 2 days after withdrawal 2/10 grafts survived throughout period of therapy rabbits showed no ill effects, but grafts were not prolonged ditto 10/10 grafts survived throughout period of prednisolone therapy but rejected 8 days ±2 after withdrawal rabbits survived 21 days administration but all abdominal viscera heavily pigmented rabbits healthy but nO prolongation of grafts loss over a 3-week period, averaged 200 g in rabbits which at the beginning of experiment weighed 3000±500 g. 4 of the] 0 rabbits passed mucoid, bloodstained stools at some stage. At autopsy major organs were obviously enlarged and appeared oedematous. Experiment (ii): at a dosage of 0·5 mg/kg prednisolone acetate daily, only 2 grafts out of 10 survived beyond 21 days. Of the 2 survivors, 1 rejected 5 days and the other 7 days following drug withdrawal.
Mean survival time (MST) for the remainder was 16 ± 3 days compared with the control allograft group of 13 ± 3 days. Autograft controls all survived.
The side-effects were very obviously muted at this dose. Appetite was unaffected, and faecal pellets were normal throughout the period of administration.
Water intake and urine output increased but not so dramatically.
Weight did not increase but remained stable.
Good prolongation of skin grafts was achieved during administration of 1·0 mg/kg of prednisolone acetate but not when the low dose of 0,5 mg/kg was employed.
Experiment (iii): antilymphocytic serum, given by subcutaneous injection as a 15 ml pulse on day 2 and day 5 gave no significant prolongation over controls, the MST being 14 ± 2 days. Experiment (iv): the same batch of ALS given by subcutaneous injection in 5 ml doses on day 0 and for 7 days subsequently was equally disappointing, and the MST was again 14 ± 2 days. Experiment (v): rabbits having been treated with 20 ml of ALS on days 2 and 5, and receiving daily doses of 1·0 mg/kg prednisolone acetate until day 21, rejected their allografts on average 8 days (± 2) after withdrawal of steroids.
It was concluded that ALS alone or in combination with prednisolone acetate had no significant effect on the outcome of these 3 groups of skin grafts.
Experiment (vi): in each of 2 groups of 6 allografts, where the hosts were treated with 10 mg/kg azothiaprine, the MST was 13 ± 3 days. The rabbits survived without ill-effect but the course of rejection was not effected. Experiment (vii) : all rabbits survived the high dose (50 mg/kg) of cyclophosphomide in good health, but all skin grafts were rejected by day 15 with an MST of 12 ± 3 days. Experiment (viii): 8 of 10 allografts and 9 of 10 autografts survived technically.
The autografts were then retained indefinitely. The allografts had an MST of 13 ± 3 days. (Table 2) Experiment (i): at the dosage of 0·5 mg/kg of prenisolone acetate, out of 10 successfully transplanted allografted kidneys only 1 rabbit survived beyond 21 days. This animal survived 6 weeks until therapy was suspended: rejection then occurred 7 days later. Discounting the single long-term survivor, the Comments drug at this dosage failed to prolong survival of rabbits rabbits were treated daily until they died or looked unwell; prolongation of grafts was significant (P<0'02) rabbits passed urine for first 5 days but gradually became uraemic MST of the remainder was only 10 ± 1 days compared with control allografts of 9 ± 4 days. Measurements of function revealed a similar picture in 'each case: fo.1lowing an initial peak at 3 days of 150 mg/100 ml blood urea, there would be a dip in the graph which would then steadily increase until death supervened when urea levels reached 400-500 mg/l00 m!. Experiment (ii): 7 of 10 animals treated with 1·0 mg/kg of prednisolone acetate survived beyond 21 days with fluctuating renal function.
Renal allografts
Treatment was maintained until the rabbits looked unwell, when they were killed and autopsied.
The MST of the whole experimental group was 31 days. The 3 which died earlier than the test period (21 days) died at 15, 14 and 19 days after transplant.
Weight loss was very noticeable (mean 20%) in 4 of the 7 10ngterm survivors.
Experiment (iii): in the control group of allografts the MST was 9 ± 4 days.
Plasma levels showed a progressive rise in blood urea and serum creatinine until rabbits died. The 9-day survival compares with a survival of 4 ± 2 days of bilaterally nephrectomised rabbits.
It was concluded that prednisolone acetate at a daily dosage of 0,5 mg/kg failed to protect renal allografts, but was relatively successful at 1·0 mg/kg. However, renal and metabolic function were clearly disturbed, as demonstrated by rapid loss of weight and osteoporosis of long bones.
Blood-stained mucoid faeces were frequently observed.
Blood urea and serum creatanine levels fluctuated during the post-operative period but did not return to preoperative levels except in 2 cases.
Ovarian graftsfol/owed by skin grafts
All skin grafts rejected earlier than the control group with an MST of 7,5 ± 1 days. This would indicate that far from tolerance being induced by ovarian grafts as a convenient sized pulse of specific donor antigen, at least at this time interval, 2nd set rejection was induced.
At autopsy all ovarian tissue appeared necrotic and shrunken, and histological examination confirmed that it was dead.
DISCUSSION
The results with 1·0 mg/kg of prednisolone acetate in protecting skin and renal allografts confirms earlier work in which cortisone acetate at 3,5-4,5 mg/kg was successful (Billingham et al., 1951a, b) , and daily methylprednisolone sodium succinate at 1 mg/kg gave a mean survival time of 23 days (Friedman, 1970) . The latter reported a 3,8 % loss of bodyweight in 3 weeks accompanied by a significant decrease in splenic mass. In the present study the protection of kidney grafts from rejection was less certain, but this was the only drug assessed which did give any significant prolongation.
A 2-pulse treatment with the alkylating agent cyclophosphamide has been effective in depressing the immune response in other laboratory animal systems, and cyclophosphamide has been successfully employed in rabbits at doses of 30 mg/kg given by intraperitoneal injection at daily intervals (Jones et al., 1963) . However, this treatment killed 50% of the animals by the 21st day. It was disappointing in this study that the high dose (50 mg/kg) 2-pulse regime did not protect the skin grafts.
Likewise, it would be reasonable to assume that daily intravenous injections of azathioprine at 10 mg/kg would be successful, in the light of past experience with the similar purine analogue, 6-mercaptopurine (Meeker, Condie, Good & Varco, 1960) , when 12 mg/kg daily for 14 days increased the MST from 14·1 to 24·3 days with only 10% of animals dying. At the dose of 10 mg/kg no deaths were observed in animals receiving oral or intravenous therapy with azathioprine, but neither was the course of rejection of skin grafts influenced.
It has been suggested (Parrott, 1959) that ovarian tissue may be immunologically privileged, so it was selected as a convenient mass of specific donor antigen.
However, in the few rabbits undergoing ovarian allografts in this experiment the primary graft perished and resulted in accelerated rejection of the skin grafts (secondary grafts).
2 rabbits, which were exchange-grafted with ovaries and then treated daily for 14 days with 1 mg/kg of prednisolone acetate prior to exchange skin grafting on the 21st day, did exhibit significant prolongation, with an MST of 26 days in each case. This would, of course, need further examination with a reasonable number of animals to ensure that chance compatibility had not accounted for the skin graft survival.
Antilymphocytic serum raised in pigs against thymocytes of various species has been successful in prolonging skin grafts (Binns et aI., 1972) . Following the failure of this batch of ALS to protect skin allografts, whether given in large doses in 2 pulses or in smaller daily doses, a 2nd batch was manufactured, but was equally unsuccessful. Variable potency of different batches of ALS is a commonly encountered problem, and it is quite possible that both batches used in these experiments were of poor potency.
After such a limited study, in which the main aim was to find an effective allograft model for preservation studies, there is little value in speculating why so many of the immunosuppressive regimes in common use in clinical transplantation and other species should fail in rabbits.
Clearly, there is wide species variation in response to the different agents.
It was concluded that prednisolone acetate at 1·0 mg/kg was effective in prolonging both skin grafts and renal grafts in rabbits, provided it was administered daily, and that treated rabbits could be used as recipients of preserved kidneys. The possibility of inducing a tolerant state by the transplantation of specific donor antigen protected from rejection with prednisolone acetate prior to transplantation of allogenetic kidneys is worthy of further study.
